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1 . An apparatus mcluding a circuit for converting an analog signal to 
a pulse- width-modulated si gna\ comprising: 

an integration stage configured to receive, combine and integrate an analog 
input signal and a set of one or moke feedback signals and in accordance therewith 
provide a set of one or more integrated signals; 

a modulation stage, coupled toNsaid integration stage, configured to receive 
and modulate a final portion of said set of one or more integrated signals and in 
accordance therewith provide a discrete traie pulse width modulated signal; and 

a first feedback stage, coupled between said modulation stage and said 
integration stage, configured to receive said discrete pulse width modulated signal 
and in accordance therewith provide a first portion of said set of one or more 
feedback signals. 

2. The apparatus of claim 1, wherein: 
said integration stage comprises an adder cincuit configured to receive and 

add said analog input signal and said first portion of \aid set of one or more 
feedback signals and in accordance therewith provided first combined signal; and 
said integration stage is further configured to integrate said first combined 
signal and in accordance therewith provide said set of o^e or more integrated 
signals. 
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3. The apparatus of claim 1, wherein: 

said integration stage comprises an adder circuit configured to receive and 
add said analog input signal and said first portion of said set of one or more 
feedback signals and in accordance therewith provide a first cqmbined signal; 

said integration stage is further configured to integrate skid first combined 
signal and in accordance therewith provide an initial portion of skid set of one or 
more integrated signals; and said integration stage further comprises a feed 
forward circuit configured to receive and feed forward said analog \nput signal 
and in accordance therewith provide a feed forward signal. 
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4. The apparatus \>f claim 1, wherein said integration stage comprises 
at least one continuous-time integrator circuit. 
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5. The apparatus of craim 1, wherein said integration stage comprises 
at least one sampled integrator circuit. 

6. The apparatus of claimu, wherein said modulation stage 
comprises: 

a quantization stage, coupled to sTaid integration stage, configured to 
receive and quantize said final portion of said set of one or more integrated signals 
and in accordance therewith provide a quantized signal; and 

a pulse width modulation stage, coubled to said quantization stage, 
configured to receive said quantized signal akd in accordance therewith provide 
said discrete time pulse width modulated signal. 
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7. The apparatus of claim 6, whereifa said quantization stage 
comprises a multibit quantization circuit configured to convert said final portion 
of said set of one or more integrated signals to a digital signal having multiple bits 
as said quantized signal. 
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8. The apparatus of claim 1, wherein saiffl pulse width modulation 
stage comprises a discrete pulse width modulator circuit which includes: 

an input stage configured to receive at least on^ digital input signal as said 
quantized signal; and 

an output stage configured to provide said discrete pulse width modulated 
signal corresponding to said at least one digital input signal. 
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9. The apparatus of claim 1, wherein said first\feedback stage 
comprises at least one continuous-time feedback circuit. 
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10. The apparatus of claim 1, wherein said first feedback stage 
comprises at least one discrete time feedback circuit. 

1 1 . The apparatus of claim 1 , wherein said first feedback stage 
comprises an anti-aliasing srage configured to filter said discrete pulse width 
modulated signal and in accordance therewith provide said first portion of said set 
of one or more feedback signal 
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12. The apparatus of cmim 1, further comprising a second feedback 
stage, coupled between said quantization stage and said integration stage, 
configured to receive said quantized \ignal and in accordance therewith provide a 
second portion of said set of one or mqre feedback signals 

1 3 . The apparatus of claim 1 2V wherein: 

said integration stage comprises a first adder circuit configured to receive 
and add said analog input signal and said firet portion of said set of one or more 
feedback signals and in accordance therewith provide a first combined signal; 

said integration stage is further configured to integrate said first combined 
signal and in accordance therewith provide a portion of said set of one or more 
integrated signals; 

said integration stage further comprises a S&econd adder circuit configured 
to receive and add said portion of said set of one on more integrated signals and 
said second portion of said set of one or more feedback signals and in accordance 
therewith provide a second combined signal; and 

said integration stage is still further configured to integrate said second 
combined signal and in accordance therewith provide another portion of said set 
of one or more integrated signals. 
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14. The apparatus of claim 12, wherein said integration stage 
comprises at least one continuous-time integrator circuit a^d at least one sampled 
integrator circuit. 
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15. The apparatus of claim 12, wherein said modulation stage 
comprises: 

a quantization stdbe, coupled to said integration stage, configured to 
receive and quantize said Vinal portion of said set of one or more integrated signals 
and in accordance therewim provide a quantized signal; and 

a pulse width modulation stage, coupled to said quantization stage, 
configured to receive said quantized signal and in accordance therewith provide 
said discrete time pulse width modulated signal. 

16. The apparatus of claim 15, wherein said quantization stage 
comprises a multibit quantization circuit configured to convert said final portion 
of said set of one or more integrated signals to a digital signal having multiple bits 
as said quantized signal. 

17. The apparatus of claim 12\ wherein said pulse width modulation 
stage comprises a discrete pulse width modulator circuit which includes: 

an input stage configured to receive\it least one digital input signal as said 
quantized signal; and 

an output stage configured to provide \aid discrete pulse width modulated 
signal corresponding to said at least one digitaftinput signal. 

18. The apparatus of claim 12, wherein said first feedback stage 
comprises at least one continuous-time feedback qrcuit and said second feedback 
stage comprises at least one discrete time feedback ^ircuit. 

19. The apparatus of claim 12, wherein: 

said first feedback stage comprises an anti-alia&ng stage configured to 
filter said discrete pulse width modulated signal and in accordance therewith 
provide said first portion of said set of one or more feedttack signals; and 

said second feedback stage comprises a digital-to^analog conversion stage 
configured to receive and convert said quantization signal tand in accordance 
therewith provide said second portion of said set of one or pore feedback signals. 
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20. An apparatus including a circuit for converting an analog signal to 
a pulse-width-modulared signal, comprising: 

integration meaks for receiving, combining and integrating an analog input 
signal and a set of one oiWore feedback signals and in accordance therewith 
providing a set of one or more integrated signals; 

modulation means for receiving and modulating a final portion of said set 
of one or more integrated signals and in accordance therewith providing a discrete 
time pulse width modulated signal; and 

first feedback means for receiving said discrete time pulse width 
modulated signal and in accordance therewith providing a first portion of said set 
of one or more feedback signals. 
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2 1 . The apparatus of claim 20, wherein: 

said integration means comprises adder means for receiving and adding 
said analog input signal and said first portion of said set of one or more feedback 
signals and in accordance therewith providing a first combined signal; and 

said integration means is further Vor integrating said first combined signal 
and in accordance therewith providing sam set of one or more integrated signals. 

22. The apparatus of claim 20, wherein: 

said integration means comprises adder means for receiving and adding 
said analog input signal and said first portion of said set of one or more feedback 
signals and in accordance therewith providing amrst combined signal; 

said integration means is further for integrating said first combined signal 
and in accordance therewith providing an initial portion of said set of one or more 
integrated signals; and 

said integration means further comprises feefi forward means for receiving 
and feeding forward said analog input signal and in accordance therewith 
providing a feed forward signal. 
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23. The apparatus of claim 20, wherein said integration means 
comprises at least oneV;ontinuous-time integrator means for integrating said first 
combined signal in a cqntinuous-time manner. 

24. The apparatus of claim 20, wherein said integration means 
comprises at least one sampled integrator means for integrating said first 
combined signal in a sampledVnanner. 
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25. The apparatus of c>^im 20, wherein said modulation means 
comprises: 

quantization means for recei\?big and quantizing said final portion of said 
set of one or more integrated signals af^d in accordance therewith providing a 
quantized signal; and 

pulse width modulation means foAreceiving said quantized signal and in 
accordance therewith providing said discrete time pulse width modulated signal. 



20 



26. The apparatus of claim 25, wherein said quantization means 
comprises multibit quantization means for concerting said final portion of said set 
of one or more integrated signals to a digital sigpal having multiple bits as said 
quantized signal. 
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27. The apparatus of claim 20, whereinWid pulse width modulation 
means comprises discrete pulse width modulator m^ans including: 

input means for receiving at least one digital Jpput signal as said quantized 
signal; and 

output means for providing said discrete pulse ^idth modulated signal 
corresponding to said at least one digital input signal. 
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28. The apparatus of claim 20, wherein said firct feedback means 
comprises at least one continuous-time feedback means fon receiving said discrete 
pulse width modulated signal and in accordance therewith providing said first 
portion of said set of one or more feedback signals in a continuous-time manner. 
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29. The apparatus of claim 20, wherein said first feedback means 
comprises at least one aiscrete time feedback means for receiving said discrete 
pulse width modulated siWial and in accordance therewith providing said first 
portion of said set of one o\nore feedback signals in a digital manner. 
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30. The apparatus oYclaim 20, wherein said first feedback means 
comprises anti-aliasing means fot filtering said discrete pulse width modulated 
signal and in accordance therewit^providing said first portion of said set of one or 
more feedback signals. 
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3 1 . The apparatus of claim zO, further comprising second feedback 
means for receiving said quantized signaWid in accordance therewith providing a 
second portion of said set of one or more feedback signals. 

32. The apparatus of claim 31, wherein: 

said integration means comprises first aMder means for receiving and 
adding said analog input signal and said first poraon of said set of one or more 
feedback signals and in accordance therewith providing a first combined signal; 

said integration means is further for integrating said first combined signal 
and in accordance therewith providing a portion of ^iid set of one or more 
integrated signals; 

said integration means further comprises seconYl adder means for receiving 
and adding said portion of said set of one or more integrated signals and said 
second portion of said set of one or more feedback signals and in accordance 
therewith providing a second combined signal; and 

said integration means is still further for integratinAsaid second combined 
signal and in accordance therewith providing another portion of said set of one or 
more integrated signals. 
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33. The apparatus of claim 3 1 , wherein said integration means 
comprises at least oneVontinuous-time integrator means and at least one sampled 
integrator means for receiving, combining and integrating said analog input signal 
and said set of one or more feedback signals and in accordance therewith 
providing said set of one or more integrated signals. 

34. The apparatus o\claim 31, wherein said modulation means 
comprises: 

quantization means for receiving and quantizing said final portion of said 
set of one or more integrated signalsA^nd in accordance therewith providing a 
quantized signal; and 

pulse width modulation means fbr receiving said quantized signal and in 
accordance therewith providing said discrete time pulse width modulated signal. 

35. The apparatus of claim 34, wherein said quantization means 
comprises multibit quantization means for converting said final portion of said set 
of one or more integrated signals to a digital signal having multiple bits as said 
quantized signal. 

36. The apparatus of claim 31, whereimsaid pulse width modulation 
means comprises discrete pulse width modulator means including: 

input means for receiving at least one digital ^fiput signal as said quantized 
signal; and 

output means for providing said discrete pulse Afcidth modulated signal 
corresponding to said at least one digital input signal. 
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37. The apparatus of claim 31, wherein: 

said first feedbadraneans comprises at least one continuous-time feedback 
means for receiving said discrete pulse width modulated signal and in accordance 
therewith providing said first portion of said set of one or more feedback signals 
in a continuous-time manner; and 

said second feedback means Comprises at least one discrete time feedback 
means for receiving said discrete pulset width modulated signal and in accordance 
therewith providing said first portion o^aid set of one or more feedback signals 
in a digital manner. 

38. The apparatus of claim 31, wherein: 
said first feedback means comprises antialiasing means for filtering said 

discrete pulse width modulated signal and in accordance therewith providing said 
first portion of said set of one or more feedback signals; and 

said second feedback means comprises digitdr-to-analog conversion means 
for receiving and converting said quantization signal and in accordance therewith 
providing said second portion of said set of one or moreVeedback signals. 
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39. A method for converting an analog signal to a pulse-width- 
modulated signal, comprising the steps of: 

receiving, combinink and integrating an analog input signal and a set of 
one or more feedback signals asjd in accordance therewith generating a set of one 
or more integrated signals; 

generating a discrete time $ulse width modulated signal in accordance with 
said set of one or more integrated signals; and 

feeding back said discrete timfe pulse width modulated signal as a first 
portion of said set of one or more feedback signals. 

40. The method of claim 39, wherein said receiving, combining and 
integrating step comprises: 

receiving and adding said analog inpik signal and said first portion of said 
set of one or more feedback signals and in accordance therewith generating a first 
combined signal; and 

integrating said first combined signal andVin accordance therewith 
generating said set of one or more integrated signals. 
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41. The method of claim 39, wherein sai<\receiving, combining and 
integrating step comprises: 

receiving and adding said analog input signal aAd said first portion of said 
set of one or more feedback signals and in accordance tH^rewith generating a first 
combined signal; 

integrating said first combined signal and in accordance therewith 
generating an initial portion of said set of one or more integrated signals; and 

feeding forward said analog input signal and in accordance therewith 
generating a feed forward signal. 
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42. The method of claim 39, wherein said receiving, combining and 
integrating step comprises generating said set of one or more integrated signals in 
a continuous-time manner. 
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43. The metnod of claim 39, wherein said receiving, combining and 
integrating step comprises generating said set of one or more integrated signals in 
a sampled manner. 
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44. The method ortlaim 39, wherein said generating step comprises: 
quantizing a final portion of said set of one or more integrated signals and 

in accordance therewith generating a quantized signal; and 

generating said discrete tinjje pulse width modulated signal in accordance 
with said quantized signal. 

45. The method of claim 44l wherein said quantizing step comprises 
converting said final portion of said set firfone or more integrated signals to a 
digital signal having multiple bits as said Quantized signal. 

46. The method of claim 39, wherein said generating step comprises: 
receiving at least one digital input signal as said quantized signal; and 
generating said discrete pulse width modulated signal in accordance with 

said at least one digital input signal. 

47. The method of claim 39, wherein J|aid step of feeding back said 
discrete pulse width modulated signal as a first portion of said set of one or more 
feedback signals comprises feeding back said discrete pulse width modulated 
signal as said first portion of said set of one or more feedback signals in a 
continuous-time manner. 

48. The method of claim 39, wherein said st^p of feeding back said 
discrete pulse width modulated signal as a first portion ofi said set of one or more 
feedback signals comprises feeding back said discrete pulsje width modulated 
signal as said first portion of said set of one or more feedback signals in a digital 
manner. 
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49. The method of claim 39, wherein said step of feeding back said 
discrete pulse width modulated signal as a first portion of said set of one or more 
feedback signals comprises filtering said discrete pulse width modulated signal. 

50. The method of claim 39, further comprising the step of feeding 
back said quantized signal as a second portion of said set of one or more feedback 
signals. 

51 . The method of claim 50, ^herein said receiving, combining and 
integrating step comprises: 

adding said analog input signal and ^aid first portion of said set of one or 
more feedback signals and in accordance therewith generating a first combined 
signal; 

integrating said first combined signal aAd in accordance therewith 
providing a portion of said set of one or more integrated signals; 

adding said portion of said set of one or more integrated signals and said 
second portion of said set of one or more feedback signals and in accordance 
therewith generating a second combined signal; anq 

integrating said second combined signal and\in accordance therewith 
generating another portion of said set of one or more Wegrated signals. 

52. The method of claim 50, wherein said receiving, combining and 
integrating step comprises receiving, combining and integrating said analog input 
signal and said set of one or more feedback signals and in accordance therewith 
generating at least one continuous-time integrated signal and at least one sampled 
integrated signal as said set of one or more integrated signals. 

53. The method of claim 50, wherein said generating step comprises: 
quantizing a final portion of said set of one or more integrated signals and 

in accordance therewith generating a quantized signal; and 

generating said discrete time pulse width modulated siinal in accordance 
with said quantized signal. 
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54. The method V>f claim 53, wherein said quantizing step comprises 
converting said final portionW said set of one or more integrated signals to a 
digital signal having multiplemts as said quantized signal. 
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55. The method of claim 50, wherein said generating step comprises: 
receiving at least one digitztf input signal as said quantized signal; and 
generating said discrete puls^ width modulated signal in accordance with 

said at least one digital input signal. 

56. The method of claim 50, Wherein: 

said step of feeding back said discrete pulse width modulated signal as a 
first portion of said set of one or more feedback signals comprises receiving said 
discrete pulse width modulated signal and in accordance therewith generating said 
first portion of said set of one or more feedback signals in a continuous-time 
manner; and 

said step of feeding back said quantized signal as a second portion of said 
set of one or more feedback signals comprises receiving said discrete pulse width 
modulated signal and in accordance therewith generating said first portion of said 
set of one or more feedback signals in a digital m&nner. 
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57. The method of claim 50, wherein: 

said step of feeding back said discrete pulse \fcidth modulated signal as a 
first portion of said set of one or more feedback signal^ comprises filtering said 
discrete pulse width modulated signal; and 

said step of feeding back said quantized signal as\a second portion of said 
set of one or more feedback signals comprises converting^aid quantization signal 
to an analog signal. 
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